Abstract In this paper we attempt to provide empirical evidence on the phenomenon of cluster agglomeration of innovation activities throughout time and space in European regions. More specifically we try to assess whether there are some forces which support the development of technologically specialised regional clusters. In particular we want to determine the spatial extent of these forces, their dynamics along the eighties and nineties and their connection with production clustering. We have started from a mapping of innovation activity in European regions by means of an exploratory spatial analysis based on global indicators of spatial dependence. As a result, in a second step, we check the hypothesis that innovation concentration can be a result not only of the geographic concentration of production but also of the development of technologically specialised clusters in neighbouring regions. The analysis is based on a databank set up by CRENoS on regional patenting at the European Patent Office spanning from 1978 to 2001 and classified by ISIC sectors and on the Cambridge Econometrics database on production activity. Among the main results, it is shown that specialisation in innovative activity is positively and significantly influenced by specialisation in production activity. Additionally, it is obtained that innovation tends to cluster more in sectors in which the neighbouring regions are also technologically specialised.
Introduction
The "First Action Plan for Innovation in Europe", launched by the European Commission in 1996, clearly states that, in spite of its excellent scientific capabilities, Europe's level of innovation is lower than that of its main competitors. At a time when innovation is the main driving force in economic competitiveness this has serious implications for employment and economic prosperity in Europe. Innovation has therefore become a priority of European countries in order to start and sustain the engine of economic growth. In the spatial context such an engine may be fuelled both by the amount of technological activity which is carried out locally and by external technological achievements channeled through information spillovers (Martin and Ottaviano 2001; Grossman and Helpman 1991) . Spillovers may follow particular patterns depending on economic, technological and geographical distances among firms and regions, that is, on agglomeration phenomena which apply both to production and innovation activities.
As a matter of fact, economic growth, technological change and urbanisation have been, in the past, and are, nowadays, inseparable phenomena (see Baldwin and Martin 2004) . Most importantly, in recent years, an increasing concentration of innovation activities in and around major urban centers has been noticed (Audretsch and Feldman 1996) while other studies have highlighted that innovation is much more polarized than production (see for example Paci and Usai 2000 , for the case of European regions). The increasing costs of conducting advanced applied research, the concentration of large firms, public research centers, top universities, and highly skilled human capital in large urban agglomerations are factors that have contributed to this polarisation. Most importantly, learning processes may be facilitated when economic actors have the possibility to communicate face to face (Von Hipple 1994) . At the same time, according to the line of research started by Coe and Helpman (1995) and refined by Keller (2002) , there may appear important informational spillovers across nations, due to the fact, for example, that the transmission of knowledge in space is becoming less costly as a result of advances in telecommunications. As a matter of fact, Moreno et al. (2005) for Europe and Varga et al. (2005) for the USA have shown that innovative activity in a certain region may be affected by similar activities in contiguous regions. Consequently, the spatial extent of such a process of polarisation is an empirical question which should embrace a much more complex picture that one of simple concentration or simple delocalisation. A picture which is a combination of both phenomena, concentration and delocalisation, which depend on factors such as countries' institutional context and sectoral characteristics which may affect in different ways, among others, capital and labour mobility and local human capital accumulation (Mariani 2002) .
In particular, in this scenery one has to consider the relationship between the localisation process of innovation activities and that of production. There are, as a matter of fact, benefits and costs of doing research close to production. Among the benefits one may think of the continuous exchange of ideas and information between the plant and the laboratory and a higher relationship between the innovation results and the production necessities, whereas among the costs we find the congestion costs associated to dense agglomerations. The net result may not compensate the advantages of concentrating production in the areas with strong local technological economies. Again the trade off is contingent on a number of factors which attain, for example, to the scientific content of the research and/or the relative factor intensity of the production process.
This paper aims at studying the phenomenon of agglomeration and specialisation of innovative activities and its relationship with the agglomeration of production activities starting from a mapping of innovative performance in European regions by means of an exploratory spatial investigation. The analysis is carried out for different time periods starting from the early eighties up to the beginning of the 21st century and it is implemented for different sectors in order to evaluate differences and similarities across them. Evidence in favour of the presence of common specialisation patterns in production and innovation does not exclude that spillovers may also occur across other than within borders, so that externalities could cross the geographical borders of regions. We believe that externalities are neither totally localized nor totally global and we expect them to depend on the geographical distance among regions.
1 Following these lines, in a second step, while controlling for the extent to which the specialisation of production in certain sectors influences the specialisation of innovation, this paper analyses the role which geographical technological spillovers play in innovation concentration in some industries. In other words, after the influence that geographic concentration of production has on innovation concentration has been controlled for, we address the role that the development of technologically specialised clusters in neighbouring regions may play. Econometric techniques are going to allow us to assess the presence and strength of such phenomena.
The analysis is performed at the regional level given that, on the one hand, innovation policies are often implemented at this territorial level (even though within a national framework); on the other hand because, as noted above, technological activities appear strongly localized into clusters of innovative firms. As argued by Storper (1995, p. 896) this is, as a matter of fact, the geographical level "at which technological synergies are generated and to which any national technology policy must therefore be addressed". As a result, even accepting that there is need for a global approach to innovation, we try to handle it by considering important diversities across nations, regions, sectors and time. This aspect is addressed directly thanks to an original and updated statistical databank on regional patenting at the European Patent Office spanning from 1978 to 2001 and classified by ISIC sectors (up to three digits). This database allows the analysis of the spatial distribution of innovative activity across 175 regions of 17 countries in Europe (the 15 members of the European Union plus Switzerland and Norway) in a set of seven manufacturing sectors.
The paper is organised as follows. In the following section we provide a discussion on the quality of the technology indexes used in this paper. The third section analyses the spatial distribution of innovative activity and specialisation patterns throughout Europe along the 80s and 90s. In the fourth section we estimate a model of specialisation patterns in which knowledge interactions are included. Final remarks are in the last section.
Some issues about technology measurement
Several contributions in the past have made extensive use of patent statistics in order to analyse the spatial distribution of innovation activity. In particular, in the case of European regions Breschi (2000) and Caniels (2000) have provided an articulated and extensive analysis of the spatial distribution of innovation in European regions until the nineties whilst Paci and Usai (2000) have tried to address the same issue of agglomeration of innovation and production for a smaller set of countries. These precedents should not let one forget that the use of patents as indicators of innovative activity implies some inconveniences and shortcomings which ought to be kept in mind while interpreting the outcome of the analysis, both descriptive and econometric.
Several economists have been debating the issue of measuring innovative activity and technological progress, but no universal solution has been found (Griliches 1990) . Based on the concept of knowledge production function two types of indicators are usually identified: technology input measures (such as R&D expenditure and employees) and technology output measures (such as patents and new product announcements).
The main drawback of the former indicators is that they embrace firms' efforts for invention and innovation together with imitation activities. Moreover, they do not take into account informal technological activity and, as a consequence, may underestimate the amount of innovative activity. On the contrary, the latter represents the outcome of the inventive and innovative process even though there may be inventions which are never patented as much as patents which are never developed into innovations. However, the patenting procedures require that innovations have novelty and usability features and imply relevant costs for the proponent. This implies that patented innovations, especially those extended in foreign countries, are expected to have economic value, although highly heterogeneous.
With respect to the object of our research, 2 that is to study innovative activity across regions, sectors and time, patent statistics seem particularly suitable, due to some useful properties compared to R&D data which are summarised below:
(a) They provide information on the residence of the inventor and proponent and can thus be grouped regionally ( potentially at different territorial units starting from zip areas), whereas R&D statistics are available just for some regions or at the national level; (b) They record the technological content of the invention and can, thus, be classified according to the industrial sectors whilst R&D data is usually aggregated, especially at the regional level; 3 2 Note that since 2000 there is an important initiative called European trend chart on innovation which provides several indicators on innovation (based on input and output data and on the CIS survey) at the regional level and a synthetic measure of them. Unfortunately, the time and the sectoral dimension of such a database are rather limited. Nevertheless for the time being this database is going to become more and more a crucial point of reference for the analysis in this field. 3 It should be noted that R&D statistics provide other interesting information concerning the origin of the expenditure. R&D statistics are, as a matter of fact, usually divided into categories such as business, university and government.
(c) They are available year by year for a long time span and this allows for a dynamic analysis. On the contrary regional R&D data is available only for recent years and discontinuously.
Our proxy for innovative activity refers to patents applications at the European Patent Office over the period starting from 1978 until 2001 classified by the inventor's region in Europe. Applications at EPO should provide a measure of sufficiently homogenous quality, due to the fact that applying to EPO is difficult, time consuming and expensive. This indicator, in other words, should prove particularly effective in order to take into account potentially highly remunerative innovations which for this reason are patented abroad. The use of the inventor's residence, rather than the proponent's residence, is preferred in order to attribute the spatial localisation of each innovation. Indeed, the latter generally corresponds to firms' headquarters and therefore it might lead to an underestimation of peripheral regions' innovative activity whenever the invention has been developed in a firm's subsidiary located in another area. 4 Moreover, differently from previous research (Bottazzi and Peri 2003) we do not assign patents just to the first inventor, given that this may bias our result as inventors are usually listed in alphabetical order. For the case of patents with more than one inventor, therefore, a proportional fraction of each patent is assigned to the different inventors' regions of residence.
As for the territorial break up we have only partially followed the classification provided by EUROSTAT through NUTS (Nomenclature des Unités Territoriales Statistiques).
5 For some countries, this classification turns out to be artificial, based mainly on statistical concerns while failing to identify uniform regional areas in terms of economic, administrative and social elements. In fact, we have tried to select, for each country, a geographical unit with a certain degree of administrative and economic control. 6 The result is a division of Europe (15 countries of the European Union plus Switzerland and Norway) in 175 sub-national units (which, from now on, we will simply call, regions) which are a combination of NUTS 0, 1 and 2 levels (see Appendix for details).
As far as the sectoral classification is concerned, it is known that patent data are still of limited use for economic analysis due to their mode of classification which is different from the one used for production: innovations are recorded for administrative purposes using the International Patent Classification (IPC) system, which categorizes inventions by product or process. On the contrary, most 4 For instance, the headquarter of Enichem, the Italian petroleum and chemical multinational, is located in Milan (Lombardia) but the innovative activity (as indicated by the residence of the inventors) is much more dispersed due to the presence of several plants in other regions (e.g. Veneto, Sicilia, Liguria and Sardegna). 5 Eurostat classification list four categories of territorial units: 15 NUTS 0 nations; 77 NUTS 1 regions, 206 NUTS 2 regions and 1031 NUTS 3 regions. 6 The perfect territorial unit is difficult to be found since administrative units do not necessarily reflect economic phenomena. Better territorial units used in the empirical literature are the functional urban region just for main urban centres at the European level (Cheshire 1990) , the local labour system in Italy (Paci and Usai, 1999) or the basin d'emploi in France (Combes, 2000) . economic analyses are interested in the particular sectors of the economy originating the invention or implementing it. For this reason patent data, originally classified by means of the IPC, have been converted to the industry of manufacture thanks to the Yale Technology Concordance 7 . Such a concordance uses the probability distribution of each IPC or product code across industries of manufacture in order to attribute each patent proportionally to the different sectors where the innovation may have originated.
3 The geography of innovative activity
Mapping of innovation in Europe
At the beginning of the period under consideration (early eighties) a strong centralperiphery distribution of innovation activity is observed (Map 1a).
8 Innovation activity is mainly concentrated in the very core of Europe, a cluster of regions which includes the whole of Switzerland, West Germany, Luxembourg and most regions of Austria. There are also some other hot spots of innovation in the North and East of France, the South-East part of United Kingdom, in the Netherlands and in some Scandinavian countries, mostly in Sweden. None or modest technological activity is documented in most regions of the South of Europe: Spain, Greece, Portugal and South of Italy. Innovative backwardness is also documented for some northern countries such as Norway and Ireland.
This picture is confirmed while looking at the innovative activity at the country level (Table 1 ) and among the 20 most innovative regions according to the ranking at the beginning (Table 2a ) and at the end of the period under analysis (Table 2b) . At the beginning of the eighties the most innovative country is by far Switzerland, with 14.5 patents per 100.000 inhabitants, followed by Germany (8.3) and Luxembourg (7.2). A similar picture appears at the regional level, where, among the top performers, we find six Swiss regions, nine German regions, two Swedish regions, Luxembourg and Ile de France (which hosts Paris) and Zuid Nederland (where Philips HT research center is located).
Looking at the evolution over time of the innovative activity, it is possible to remark some important elements. First, the intensity to innovate has increased considerably over the two decades in all countries: the average innovative output was 3.6 patents per 100,000 inhabitants in the early eighties and it was almost three times bigger (10.4) at the end of the nineties. 9 As regards the level of inequality in the spatial distribution of the innovative activity, this is clearly very high: the ratio between the most innovative country (Switzerland) and the least (Portugal) in the period 1999-2001 is still equal to 93. The coefficients of variation reported in the two last rows of Table 1 , both for nations and regions respectively, shows that the 7 The original YTC was conceived by Evenson et al. (1991) . Updates to the YTC have been programmed by Daniel Johnson who kindly provides downloadable conversion tables and detailed explanations on the procedures at the Internet address: http://faculty1.coloradocollege. edu/~djohnson/jeps.html. 8 Throughout the paper patents per capita are used, even though main results do not change if one uses the absolute value of patents. 9 This phenomenon is partly due to a shift of patent applications by European firms from National patenting offices to the European one.
former has gone from 1.05 to 0.71 and the latter from 1.46 to stabilize around 1.04 in the last period. Most importantly, the innovations have been spreading to some more regions starting from the core described above. It is clear that such a phenomenon has involved mainly the whole of France, Belgium, Denmark, the North of Italy, a few Northern regions in Spain and most importantly the South Finland and almost the whole of Sweden (see Map 1b, c, d).
Figure 1 presents some detail concerning the process of divergence/convergence of innovative activity across the 175 regions both for the total of manufacturing and for some sectors. In general, the coefficient of variation in the patenting activity among the 175 regions for the Manufacturing and the energy sector is around 1.6 in 1981 but descends gradually to around 1.00 at the end of the period (see the top-left panel in Fig. 1 ). Such a regular decline in the geographical concentration of innovative activity is a common feature of some macro-sectors, Map 1 Distribution of innovative activity in the European regions (patents per 100,000 inhabitants, annual average). Panel a (1981 -1983 ), Panel b (1989 ), Panel c (1994 -1996 ), Panel d (1999 -2001 such as Electronics and Fuels, chemical and rubber. In some other sectors, such as Food, beverages and tobacco, Mining and energy supply and Transport equipment, there appears to exist some changes over time, without a clear explanation although with a common feature of lower values for dispersion at the end of the period, while Textiles and clothing and the residual sector of Other manufacturing (together to the one of Construction) show a rather constant pattern throughout the period. It seems, therefore, that the innovation carried out in sectors with a high technological component was much localised in some specific regions at the beginning of the eighties but have experimented a more clear spread to other regions over time than in sectors with lower technological component.
One other way to look at the dynamics of spatial diffusion of technological activity is to analyse the distributions of the patents per capita through the kernel density functions for the four periods under examination, as reported in Fig. 2 . It is clear that the distribution is skewed to the lower values of patents during all the periods, whereas the outliers are in the upper band of patents (basically some regions in Switzerland and Germany). However, the kurtosis is much stronger at 1981-1983 1988-1990 1994-1996 1999-2001 Pat pc ranking Pat pc ranking Pat pc ranking Pat pc ranking 1981-1983 1988-1990 1994-1996 1999-2001 Pat pc ranking Pat pc ranking Pat pc ranking Pat pc ranking 1981-1983 1988-1990 1994-1996 1999-2001 Pat pc ranking Pat pc ranking Pat pc ranking Pat pc ranking Pat pc refers to patents per capita In Table 2a the ranking refers to the first period, whereas in Table 2b the ranking refers to the last period among the catching up process, it is worth highlighting the most brilliant one shown by Finland, which in the nineties manages to reach the fourth position in the country ranking (Table 1) and to put its capital region Uusimaa among the first producers of innovation in Europe. This region was 49th at the beginning of the eighties and sixth at the end of the nineties, originating one of the most remarkable catching up performance in Europe in the last 20 years (see Table 2b ). The comparative examination of Table 2a and 2b, moreover, is rather informative about the relatively great reshuffle of regions. Table 2a for example tells us that even though 14 out of 20 innovative regions have managed to keep a ranking among the 20 most innovative regions from 1981-1983 to 1999-2001 , there have been some remarkable declines (that of Luxembourg which goes from the 20th place to 44th). Most interestingly, Table 2b tells us that 15 regions which are in the top 20 in the latest period were already there in the early eighties. However there are some interesting stories to pinpoint, other than that of Uusimaa. Stutgart and Zuid Nederalnd, for example, were in the 13th and 18th position and are now second and fourth. Voralberg (that is the most western Austrian region in between Switzerland and Germany) was 64th and it is now 14th. All in all, Table 2 illustrates that among the top regions the German leadership has been strengthened (11 regions out of 20 are German) whilst the Swiss regions have lost some ground (they were six and they are now four).
Among the declining countries the most remarkable cases are the one of the United Kingdom which goes from the seventh to the eleventh position and the one of France which moves from the sixth to the tenth ranking. It should be, however, noted that the two cases are different since in the latter there are still one champion region, that of Ile de France which has the 23rd rank. On the contrary the first British region in the ranking is Eastern which features in 39th position. Finally, no notable improvement is shown by the followers, in other words, countries such as Italy, Norway, Spain, Portugal and Greece.
Innovation clusters in Europe
All the evidences gathered in the tables and maps analysed in the previous section show that innovative activity is relatively concentrated in few areas in Europe. We examine now whether the spatial concentration of innovation activity observed from the maps generates a process of spatial dependence. In other words, to what extent the technological activity performed in one region is associated to the one in neighbouring regions. The degree of spatial association can be analysed by means of the Moran's I statistic, which is defined as:
where x i and x j are the observations for region i and j of the variable under analysis, patents in our case; x is the average of the variable in the sample of regions; and w ij is the i-j element of the row-standardised W matrix of weights. S 0 ¼ P i P j w ij is a standardisation factor that corresponds to the sum of the weights. The most general specification for the weight matrix is the physical contiguity one, given rise to a binary and symmetric matrix where its elements would be 1 in the case of two regions sharing a boundary and 0 otherwise. In the case of a row-standardised W matrix, in which each element in a row is divided by the total sum of the row, S 0 equals the number of observations, N, so that N / S 0 is equal to 1. The values for the Moran's index for the seven manufacturing sectors as well as for different physical contiguity matrices (1st, 2nd and 3rd order neighbours) are presented in Table 3 . The use of the Moran index for the total manufacturing sector (see first rows in Table 3 ) shows a clear rejection of the null hypothesis with a positive value of the statistic: there appears a strong positive spatial autocorrelation, confirming the visual impression of spatial clustering given by the maps. If one also considers the spatial correlogram, this rejection is observed till the third order of contiguity-1st, 2nd and 3rd order neighbours-as reported also in Table 3 . Nonetheless, there also appears a pattern of decreasing autocorrelation with increasing orders of contiguity typical of many spatial autoregressive processes. We have also constructed the scatter maps in order to assess the sign of the spatial association in the different areas and its evolution along time (see Map 2, panel a and b). The scatter maps show that there is a clear association of high-high values in the centre, and low-low values in the South. This positive association remains true throughout the period, with few exceptions: some regions in the North of Italy initially showed high value of patents surrounded by low values whilst in the nineties became a cluster of high values. Additionally, Finland has performed remarkably well along this period, presenting low values at the beginning surrounded by low values, but changing to high values. This pattern shows almost no difference over time.
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The presentation of the aggregate geographic distribution of innovative activity in Europe does not give information of the propensity for innovation to cluster spatially within specific sectors. However, the database on patenting allows one to investigate the geographical distribution of innovative activity also sector by sector in order to see if agglomeration forces depend on sectoral characteristics. In Map 3 the sector with the highest revealed technological advantage index is used to define the specialisation in European regions at the beginning of the 80s (panel a) and at the end of the 90s (panel b).The technological specialisation index is measured as follows:
where i indexes the region (i=1,..., N), j indexes the industrial sector ( j=1,...,M ) and P stands for patents in the considered period. The mapping, among other interesting evidences, shows that there seem to be some clusters of common technological [1999] [2000] [2001] specialisation patterns: textiles and clothing in Italy, Fuels, chemicals and rubber in Germany, Food and beverages in Northern Europe. Also, the distribution of innovative activity for the seven macro-sectors under analysis is given in Table 3 where we have reported the Moran's tests for spatial autocorrelation in each of them. The sectoral results confirm the presence of spatial association up to the third contiguity order for all sectors. Another interesting issue is to analyse in which sectors the autocorrelation of innovation is considerably greater or lower than that for the Total manufacturing sector. At the beginning of the period under analysis, the sectors of Mining and energy, Food, Textile and clothing and Transport equipment presented a higher value of the Moran's statistic than that for the sector of Total manufacturing, that is, concentration in space in these sectors was more important than for the entire manufacturing industry. The opposite is obtained in the cases of Chemicals and plastic and Electronics, although the spatial autocorrelation encountered in those cases is also significant. However, at the end of the period, the value of the Moran's index becomes more similar in the different sectors, with prevalence of significant values of the test. All in all, this means that patenting activity in a certain sector tends to be correlated to patenting performed in the same sector in contiguous areas, determining the creation of specialised clustering of innovative regions in different sectors. This suggests that the analysis of technological spillovers and sectoral interdependences across regions is a promising way forward in the study of the specialisation of innovation. In the next section a first attempt in this direction is done by means of an empirical model.
Model and results
In this section we investigate the phenomenon of agglomeration of innovation activities throughout time, space and sectors in European regions. We try to assess which are the forces which support the development of technologically specialised regional clusters. In particular we would like to assess the spatial extent of these [1999] [2000] [2001] forces, their dynamics along the eighties and nineties and their connection with production clustering.
In the paper by Jaffe et al. (1993) it is highlighted that one possible explanation why innovation in some sectors tends to cluster geographically more than in other sectors is that the location of production is more concentrated spatially. This being true, whenever one analyses why the propensity for innovative activity to cluster geographically changes across sectors, it is needed to control for the geographic concentration of the location of production activity. However, even after accounting for the geographic concentration of the production specialisation, as done in the regression analysis below, an interesting point to be analysed is to what extent the specialisation of innovative activity in one region is influenced by the specialisation pattern in neighbouring regions. In other words, which is the role played by interregional technological spillovers in sectoral specialisation in the geographical space.
Following the ideas above, we want to analyse the extent to which the innovation specialisation of a given sector in a given region is influenced by the level of specialisation in the production activity in the same region and sector and the level of technological specialisation in the same sector in the nearby regions. The model to be estimated is therefore as follows:
where IST ij represents the relative technological specialisation index of region i in sector j as presented in Section 3.2, which is the result of a double weighting of the regional sectoral innovation activity (measured through patents), with respect to the total innovation in the region and with respect to the European quota of that sector. As outlined above, such an indicator is considered to be a function of the presence of production specialisation in the same sector within the same region by means of ISP ij which is the relative production specialisation index of region i in sector j. The same indicator as described above is used to measure this production specialisation index, with employment as the variable used. However, in the specification given in (1) innovation concentration is expected to be influenced by other variables. Specifically, based on the theoretical ideas given in the introduction, we include a variable proxying for the influence of interregional technological spillovers in the same sector, this variable being a weighted average of the specialisation index in the same sector of nearby regions (W(r)IST ij ), where r indicates different order of lags for the weight matrix.
Moreover, our general framework given in (1) introduces an additional vector of factors which may also have a significant effect on the specialisation of the innovative activity and that take into account potential omitted variables. So, firstly we attempt to control for institutional environment and other structural factors common to all the regions belonging to a nation, which may affect innovation specialisation, through the use of a set of national dummies, NAT. Additionally, with the aim to control for the different technological opportunities of the sectors under consideration, a set of sectoral dummies, SECT, referred to the seven manufacturing industries is also included.
The regression analysis is performed as a cross-section for three different time periods, that is, t is equal to 1989-1991, 1994-1996 and 1999-2001 in each case, so that one can assess the evolution of the parameter under examination, if any. In order to avoid endogeneity problems we consider independent variables at time t −1, which refer to periods 1981-1983, 1989-1991, 1994-1996, respectively. In the spatial econometrics literature the "classical" specification search approach (specific to general or bottom-up approach) has been used almost exclusively, while null attention has been paid to the so-called Hendry approach (backward step-wise regression approach). Additionally, Florax et al. (2003) demonstrate that the classical approach is found to slightly outperform the Hendry approach in the case of the estimation of linear spatial models. All this leads us to follow the classical specification search approach in which the initial model as in (1) is estimated by means of OLS and a subsequent check for spatial dependence is made. The tests for spatial autocorrelation in the residuals-the Moran's I given by Moran (1948) , the LM-ERR suggested by Burridge (1980) and the LM-LAG proposed by Anselin (1988) -are used to assess the degree to which remaining unspecified spatial autocorrelation may be present in the regression. If the null hypothesis of non-spatial dependence is rejected, our proposal is to correct such misspecification. On the contrary, if the tests lead to the non-rejection of the null of no spatial correlation among the residuals the ultimate model is the one given in (1). Table 4 summarises econometric results. We have estimated three equations for each period with a pool for 175 regions and seven sectors, so that the final set up refers to an estimation model with 1,225 observations. The first column in the estimation of each period refers to the case in which the weighted average of the index of specialisation of technology in the neighbours is obtained with a weight matrix referring to the first order of contiguity. The second and third columns refer to the second and third order of contiguity, respectively.
Some results are interesting to highlight. First of all, the relationship between production and innovation specialisation proves positive and significant. Most importantly such a link is getting stronger over time, the value of the coefficient being 0.11 in the first period under consideration and 0.20 in the last one. This result would be an indication that research labs tend to stay closer to production plants, confirming some previous findings on Europe (Paci and Usai 2000) and as a consequence against those obtained by Audretsch and Feldman (1996) for the case of US states.
Secondly, the positive and significant coefficient of the spatial lag of the index of technological specialisation suggests that the innovation specialisation of one region is related to the specialisation of close-by regions. Thus, even after controlling for the influence of sectoral specialisation in production in the same region, innovation tends to cluster more in sectors in which the neighbouring regions are also technologically specialised. In other words, technological spillovers play a decisive role in the geographical configuration of industrial specialisation patterns.
Since we have considered second-and third-order lags (second and third columns in the estimation for each time period) of the variable reflecting the interregional effect on specialisation, it is observed that such a relationship is significant until the second order of contiguity. So, technological specialisation in one region depends not only on the technological specialisation of first-order neighbouring regions but also on the technological specialisation of the regions sharing a border with these first-order neighbours, although with a considerably lower magnitude of this influence. Spillovers stop at this level given that the third- OLS estimation 1989 OLS estimation -1991 OLS estimation 1994 OLS estimation -1996 OLS estimation 1999 The tests for spatial autocorrelation in the residuals, the Moran's I and the LM tests, are computed for a physical contiguity matrix, that is, a binary and symmetric matrix with elements equal to 1 in case of two regions having a common border. As observed by the values of these statistics, spatial correlation is a problem which seems to be present in the first period whilst it does not appear as a problem in the residuals of the estimation for the last two periods.
Variables
In order to assess the robustness of our results to the problem of spatial autocorrelation and to the applied estimation method we have also estimated a second set of regressions. In such a set the spatial lags of the technological specialisation indexes are considered with respect to the same period of the dependent variable. In other words, the estimated equation is as follows:
Accordingly, this spatial lag term has to be treated as an endogenous variable and proper estimation methods have to account for this endogeneity. The most widely used alternative method is Maximum Likelihood (ML) since OLS estimators are biased and inconsistent due to the simultaneity bias.
Results are reported in Table 5 and, on the whole, confirm those reported in Table 4 . The relationship between the specialisation patterns of production and innovation activity within regions is positive and increasing over time, with values ranging from 0.11 to 0.20, which are very similar to those obtained from the estimation of Eq. 1. The relationship between innovative activities in contiguous regions is also positive and significant, whereas the introduction of second order contiguities, as expected, implies a reduction of the coefficient on the first order lag variable. As in the estimation of Eq. 1, the spatial lag of IST when the third-order contiguity neighbours are considered is never significant, whereas the strength of the relationship among second order contiguous regions is remarkably stable along time.
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The significant value of the Likelihood Ratio test for spatial lag dependence points to the statistical adequacy of the estimation of this type of model, while spatial autocorrelation as a spatially correlated error does not appear to be a remaining problem according to the non-significance of the Lagrange Multiplier test. 11 Other specifications have been estimated to assess for the presence of a relationship between innovative specialisation of one region and productive specialisation in contiguous regions but results were not significant. Similarly, some attempts to evaluate the presence of different coefficients for each macro-sector by means of interactive dummies have not provided interesting results, probably due to the aggregate nature of our data.
In this paper we attempt to provide empirical evidence on the phenomenon of cluster agglomeration of innovation activities throughout time and space in European regions. More specifically we try to assess whether there are some forces which support the development of technologically specialised regional clusters. In particular we want to determine the spatial extent of these forces, their dynamics along the eighties and nineties and their connection with production clustering.
We have started from a mapping of innovation activity in European regions by means of an exploratory spatial analysis based on a global indicator of spatial dependence. The analysis has been carried out for different time periods and sectors in order to evaluate differences and similarities. Two main outcomes are worth remarking. First, the presence of a strong central-periphery distribution of innovation activity at the beginning of the period. Innovation activity is concentrated in regions in North and centre Europe, while none or modest technological activity is performed in most Southern European regions. Second, this concentration tends to decrease over time while innovation activity has been spreading to some more regions in Scandinavia and in the South of Europe. The analysis of the global indicator of spatial association confirms the presence of a strong and positive spatial autocorrelation process in the innovative activity. This means that patenting activity in a certain region tends to be correlated to patenting performed in contiguous areas. Spatial association is also found at the sectoral level, even at a higher degree than at a aggregated level, determining the formation of specialised clustering of innovative regions in different sectors.
The second step concerns the analysis of the characteristics of the geography of innovation specialisation modes across regions and across time. So, we follow the idea that innovation specialisation in one region is highly dependent on specialisation of production in the same region. However, even after accounting for the geographic concentration of the production specialisation, an interesting point analysed in this paper is that we provide evidence on to what extent the specialisation of innovative activity in one region is influenced by the specialisation pattern in neighbouring regions. In other words, we analyse the role played by interregional technological spillovers in sectoral specialisation in the geographical space. Among the main results, it is shown that specialisation in innovative activity is positively and significantly influenced by specialisation in production activity, a pattern which seems to be increasing over time. Moreover, the positive and significant coefficient of the weighted average of the index of technological specialisation in the neighbouring regions suggests that innovation tends to cluster more in sectors in which the neighbouring regions are also technologically specialised. In other words, technological specialisation patterns follow a geographical pattern which links contiguous regions. All in all, the results suggest that the propensity for innovation to cluster in some specific sectors in a region is attributable not only to the geographic concentration of production in those sectors but also on the role played by technological spillovers. So, the results in this paper raise some policy issues. Among others, according to the evidence showed of the existence of technological spillovers, it seems that coordinated actions among different regions in favour of spurring technology could be more successful than isolated actions.
